
A Review of a Rare Classic Supercell in  
Northern Indiana and Possible Explanations 

for Tornadogenesis Failure 

B.J. Simpson 

NWS Northern Indiana 



Brief Summary 

• Isolated supercell developed between two 
separate boundaries left behind by earlier 
convection 

• Supercell became deviant along and just north 
of one of the boundaries staying attached for 
nearly 2.5 hours 

• In spite of 4000+ J/kg MLCAPE and assumed 
horizontal vorticity augmentation along the 
boundary, supercell did not produce a single 
tornado 

 



Reasons for Study 

• Very few “classic” supercells develop or move 
into the KIWX CWA 

 

• Most tornadoes in the KIWX CWA form in 
QLCS or low topped convection 

 

• So why wouldn’t a rare textbook supercell 
riding just north of a well defined boundary 
produce a tornado? 



Storm Lifecycle Loop 



Pre-Storm Environment 

• Several important synoptic and mesoscale 
factors came together that led to supercell 
development the afternoon of June 19th. 



Water Vapor/500mb Heights/Winds 



June 19 Radar Mosaic 



Visible Satellite 



20 UTC MLCAPE – RUC Mesoanalysis 



20 UTC 0-6 km Shear – RUC Mesoanalysis 



20 UTC 0-1 km Shear – RUC Mesoanalysis 



21 UTC 0-1 km SRH – RUC Mesoanalysis 



LAPS Proximity Sounding 
(Adjusted to Reflect Surface Conditions South of the Boundary) 



0.5 Degree Reflectivity 

Developing  
Supercell 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



LAPS Surface Theta E & Observations 

364K Surface Theta E 

350K Surface Theta E 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 

Mainly Crosswise Ingestion of  
Horizontal Convective  Rolls 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



“Donut Hole” 

5.1 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 

High Theta E Airmass:  
MLCAPES > 3000 J/kg 

LCLs > 1300 m 
0-1 SRH < 50 m²/s²  



LAPS Surface Theta E & Observations 

Directionally Favorable Yet  
Weak Low Level Inflow 



2044 UTC Storm Relative Motion 

0.5° 1.3° 

2.4° 3.1° 

87 kts Gate to Gate  
at 9700 ft 

20 kts VR-Shear  
at 4900 ft 



Why No Tornado Yet? 

• 3 Main Reasons: 
 

– Storm was still organizing, mid level mesocyclone 
had not built down toward surface 

 

– Ambient low level SRH/0-1 km shear values were 
not impressive 

 

– LCLs were near 1400 meters on the south side of 
the boundary 

 



LCL Importance 

Thompson and Edwards 2000 

19 June 2009 Supercell 



Brooks and Craven 2002 

0-1 km Shear vs. LCL heights 

19 June 2009 Supercell 



Three Body  
Scatter 
Spike 

71 dBZ @ 34,391 ft! 

Any Hail in this Storm?? 



How ‘Bout this Core? 

Pink = 60+ dBZ 

This Storm had 53 dBZ @ 52,400 feet! 

Freezing Level 

-20° C Level 



BAM! 

Photo Courtesy: Thomas Hayden 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



2053 UTC Storm Relative Motion 

0.5° 1.3° 

2.4° 3.1° 

17 kts VR-Shear  
at 4800 ft 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



2102 UTC Storm Relative Motion 

0.5° 1.3° 

2.4° 3.1° 

30 kts VR-Shear  
at 4600 ft 



0.5 Degree Reflectivity 

Outflow Boundary  
Continues to Move Southwest 



2106 UTC Storm Relative Motion 

0.5° 1.3° 

2.4° 3.1° 

30 kts VR-Shear  
at 4600 ft 

20 kts VR-Shear  
at 2600 ft 



0.5 Degree Reflectivity 



Storm Crosses Boundary 

• Now this supercell will exist in an entirely 
different environment 

 

• An environment characterized by: 

– Enhanced horizontal vorticity generated by 
outflow boundary 

– Much lower LCLs 

– However…Much lower CAPE values 



LAPS Proximity Sounding 
(Adjusted to Reflect Surface Conditions North of the Boundary) 



Conceptual Model: Storm Crossing Boundary 

Markowski, et al. (1998) 



Boundary Related Research 

Markowski, et al. (1998) 



Storm Crosses Boundary 

• So…here we go…the big show… This supercell 
has to produce a tornado once it moves to the 
immediate north side of the boundary, right?? 

• Don’t You Think? 

 

• Wrong!! 

 

• Why not? 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



LAPS Surface Theta E & Observations 

Lack of low level flow to be 
ingested by the supercell 

15 knot storm motion 



2143 UTC Storm Relative Motion 

0.5° 1.3° 

2.4° 3.1° 

15 kts VR-Shear  
at 4800 ft 



2143 UTC Visual Appearance  
(Looking North) 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



2157 UTC Storm Relative Motion 

0.5° 1.3° 

2.4° 3.1° 

20 kts VR-Shear  
at 5100 ft 



2157 UTC Visual Appearance  
(Looking East Northeast) 



0.5 Degree Reflectivity 



2201 UTC Storm Relative Motion 

0.5° 1.3° 

2.4° 3.1° 



2201 UTC Visual Appearance  
(Looking East Northeast) 



2201 UTC Visual Appearance 
 (Looking East Northeast) 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



2220 UTC Visual Appearance 



0.5 Degree Reflectivity 



2224 UTC Visual Appearance 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



0.5 Degree Reflectivity 



Gilmore 2002 from Grant 2008 

So Why No Tornado? 



Conceptual Model of Favorable 
Tornado Boundary 

Markowski 2002 from Grant 2008 

One that is rich in high Theta-E 

10-30 mi. north of boundary 



LAPS Proximity Sounding 
(Adjusted to Reflect Surface Conditions North of the Boundary) 



18 KILN UTC Observed Sounding  



LAPS Surface Theta E & Observations 

Lack of low level flow to be 
ingested by the supercell 

15 knot storm motion 



So Why No Tornado? 
• A few reasons are surmised: 

 
1) A relatively unmodified boundary that had recently 

emanated from convection still retained a shallow 
low theta e airmass 
 

2) Dry air in mid levels results in colder more stable 
RFD 
 

3) Low level storm relative flow was weak 
 

4) The mid to low level circulation never recovered 
after convection fired on top of the meso at 2111 
UTC 
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